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FIGG. 14 PRIORART
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1

THREE-TERM INPUT FLOATING-POINT
ADDER-SUBTRACTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a floating-point adder-
subtractor with inputs of three terms, and more particularly, to
a three-term 1nput tloating-point adder-subtractor capable of
obtaining the same result as that obtained when an operation
1s carried out with infinite precision in an operation process
and followed by rounding.

2. Description of the Related Art

Today, floating-point operation 1s used for scientific and
technological calculations and graphic processing or the like,
and therefore many microprocessors incorporate a floating-
point operation unit. Among these operations, addition and
subtraction are basic operations and binary operation units
which carry out operation on two mputs are generally used.

Floating-point operations are defined by IEEE754 which 1s
a standard, and are used widely. The IEEE standard requires
that addition and subtraction with inputs of two terms should
be treated as 1 having infinite precision in an operation pro-
cess and then rounded 1n accordance with the standard. A
method of carrying out operation by adding three bits of a
guard bit, round bit and sticky bit to lower digits of a mantissa
1s known as a general method for realizing infinite precision
1n an operation process using an operation unit having only a
finite bit width and 1s described, for example, 1n Milos D.
Ercegovac “Digital Arithmetic”.

FI1G. 12 1llustrates states of mantissas 1n a binary operation
process defined by the standard IEEE754.

Now, suppose the mantissas of a first operand and second
operand before an operation are as shown 1n FIG. 12(a). “x”
shown 1n all drawings of the present invention which will be
explained hereinatfter 1s an arbitrary value of O or 1. Ina binary
operation, a diflerence 1n exponents between two terms of the
aforementioned first operand and second operand 1s calcu-
lated and the larger exponent 1s assumed to be an exponent of
intermediate value 1n that case. The mantissa of the operand
corresponding to the smaller exponent 1s right-shifted by the
difference 1n exponents between the aforementioned two
terms. In that case, as 1s conventionally well known, a right
shift 1s made after adding three bits of a guard bit, round bit
and sticky bit to the lower digits of the mantissa 1n order to
enable rounding to be done precisely. However, suppose the
sticky bit 1s a logical OR with all discarded bits. In this case,
the mantissas of the aforementioned two terms are as shown
in FIG. 12(b).

Next, an operation 1s carried out using a binary adder-
subtractor on the above described right-shifted bit sequence
and the bit sequence having the larger exponent. The result of
this addition and subtraction 1s left-shifted until the most
significant bit (MSB) becomes 1 and then normalized. Fur-
thermore, the exponent of intermediate value 1s updated at the
same time. Next, rounding 1s performed in a rounding mode
compliant with the IEEE standard. The mantissa obtained by
left-shifting the result of addition and subtraction until the
most significant bit (MSB) becomes 1 and normalizing the
result and the mantissa resulting from rounding are as shown
in FIG. 12(c).

In the case of a binary operation, carrying out the above
described addition and subtraction can obtain the same result
as that when carrying out operations with infinite precision in
a calculation process and then rounding.

FI1G. 13 illustrates methods of rounding modes compliant

with the IEEE standard. The IEEE754 defines four types of
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2

rounding mode of RN (nearest value), RZ (zero direction), RP
(+1infinity direction) and RM (—infimity direction). FIG. 13
shows a relationship between the sign of a result of binary
addition, values of least significant bit (LSB), guard bit, round
bit and sticky bit of a mantissa, rounding up and rounding
down as a way of rounding 1n each rounding mode. Since
these are well known contents, further explanations thereof
will be omitted here.

In contrast to the above described addition and subtraction
operation with mnputs of two terms, addition and subtraction
operation with inputs of three terms (1) can enhance, 1n a case
ol processing of carrying out multiple additions such as com-
puting the sum total of certain vectors, the speed of process-
ing by adding three terms rather two terms at a time and (2)
while Knuth’s formula for calculating the sum of two tloat-
ing-points with no errors (see Donald E. Knuth “The Art of
Computer Programming: Seminumerical Algorithms (Vol 2,
3rd Ed)”) requires six tloating-point additions and subtrac-
tions, 1f three-term input tloating-point addition can be used,
only two floating-point additions and subtractions are enough
and there 1s an advantage of being able to enhance the speed
of multiple-precision operation which makes heavy use of
such operations.

FIG. 14 illustrates how two-term input operation and three-
term input operation are carried out to calculate the sum x+y
of floating-point numbers x and y with no errors according to
Knuth’s formula. Operation using an operation unit with
inputs of two terms requires six floating-point additions and
subtractions. On the other hand, carrying out the same opera-
tion using an operation unit with inputs of three terms requires
only two floating-point additions and subtractions.

However, in comparison with the two-term input opera-
tion, using the three-term input operation makes it ditficult to
obtain a precise result in floating-point addition and subtrac-
tion. Here, the “precise result” refers to producing the same
result as that when an operation 1s carried out with infinite
precision and then rounding 1s performed in an operation
Process.

Next, a case where a precise result cannot be obtained when
a two-term operation method 1s expanded to a three-term
operation just as 1s will be explained. In the following expla-
nations, suppose the first operand of three-term nputis a, the
second operand 1s b and the third operand 1s c.

FIG. 15 1llustrates an example where a precise result can-
not be obtained because two out of three terms cancel out each
other.

Suppose a case where two out of three terms cancel out
cach other in an operation, for example, a case where a=-b,
lal, IbI>|cl. In this case, since a and b cancel out each other, the
correct result should be c. However, since the absolute value
of cis smallerthanaandb as shown in FIG. 15, the shifted and
discarded bits are summarized in the sticky bits, which causes
information necessary for the precise result to be lost, and
therefore a precise result cannot be obtained by simply
extending the calculation method of an operation with two
terms to an operation with three terms just as 1s.

FIG. 16 illustrates an example where loss of significant
digits in an operation with two out of three terms having large
absolute values prevents a precise result from being obtained.

For example, suppose a case where a~—b, |al, Ibl>Ic|. Loss
of significant digits occurs 1n an operation with a and b. As
shown 1n FIG. 16, since the absolute value of ¢ 1s smaller than
a and b, the shifted and discarded bits are summarized in the
sticky bits losing information necessary for the precise result,
and therefore a precise result cannot be obtained by simply
extending the calculation method of an operation with two
terms to an operation with three terms just as 1s.
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The example explained using FIG. 15 can be regarded as a
special case of the example explained using FIG. 16, but the

example shown 1n FIG. 15 results 1n a+b=0, and therefore the
result must become ¢ 1n a precise sense irrespective of the
magnitude of the absolute value of ¢ and all the bits of ¢ are
required. On the other hand, 1n the case of the example shown
in FI1G. 16, all the bits of ¢ are not always necessary depending
on the magnitude of the absolute value of ¢, and therefore the
example shown 1n FIG. 15 and the example shown in FIG. 16
are treated as separate cases.

FI1G. 17 illustrates an example where two out of three terms
produce bit discards due to a shiit, preventing a precise result
from being obtained. The example explained here assumes
that lal>>|bl, Icl.

As shown 1n FIG. 17, a shift of both b and ¢ produces a bit
overflow and the discarded bits are grouped 1n the sticky bits.
In this case, an operation 1s carried out between sticky bits and
the operation may propagate to higher digits, preventing a
precise result from being obtained. Even when the operation
does not propagate to higher digits, information on the mag-
nitude relationship between |bl and Icl 1s lost when Ibl=(c| or
the like and rounding cannot be performed correctly 1n round-

ing modes of RZ (zero direction), RP (+1infinity direction) and
RM (—infimity direction) defined by the IEEE754 standard.

Atechnique descried 1n JP-A 9-204294 or the like 1s known
as a prior art relating to a three-term mput floating-point
operation unit. This prior art provides a gap bit between a
round bit and sticky bit to prevent propagation of carries to
higher digits due to addition between sticky bits. However,
when two out of three terms cancel out each other as
described 1n FIG. 15 and when loss of significant digits occurs
in an operation on two out of three terms having large absolute
values as described 1 FIG. 16, precise results cannot be
obtained. Furthermore, in the case of the example explained
in FIG. 17 where two out of three terms produce bit discarded
due to a shiit, preventing a precise result from being obtained,
there may be no problem when the rounding mode 1s RN
(nearest value), but in the case of other rounding modes, the
problem cannot be solved completely and 1t 1s not possible to
obtain the same result as that when rounding 1s carried out
alter an operation 1s carried out with infinite precision 1n the
operation process.

As described above, 1n the case of a three-term 1input opera-
tion, there 1s a problem that applying the method of binary
operation just as 1s makes 1t difficult to obtain a precise result
in floating-point addition and subtraction.

It 1s an object of the present invention to provide a three-
term 1nput toating-point adder-subtractor capable of solving,
the above described problems of the prior art and obtaining,
even 1n cases where 1t 1s difficult to precisely carry out three-
term 1nput tloating-point addition and subtraction, the same
result as that when rounding 1s performed aiter an operation1s
carried out with infinite precision in the operation process.

SUMMARY OF THE INVENTION

According to the present invention, the above described
object can be attained by a three-term nput tloating-point
adder-subtractor including cancellation detection means for
detecting that two out of three terms cancel out each other 1n
an operation, selection means for outputting, when the can-
cellation detection means detects that two terms cancel out
cach other, the remaining one term as a result, digit adjusting
means for making a digit adjusting shiit with a width of 2n+3
bits where n 1s a bit width of a mantissa and using a least
significant bit as a sticky bit, addition and subtraction means
for carrying out addition and subtraction on three terms with
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the bit width, and rounding means for normalizing the result
and carrying out rounding 1mn an RN (nearest value) mode
using an (n+3)th bit from the highest digit as a new sticky bit.

Furthermore, the above described object can be attained by
a three-term 1nput floating-point adder-subtractor including
cancellation detection means for detecting that two out of
three terms cancel out each other 1n an operation, selection
means for outputting, when the cancellation detection means
detects that two terms cancel out each other, the remaining
one term as a result, digit adjusting means for making a digit
adjusting shift with a width of 2n+4 bits where n 1s a bit width
of mantissa and using a least significant bit as a sticky bit, bit
discard detection means for detecting a case where two out of
three terms produce bit discarded due to a shift as a result of
the digit adjusting shift, digit adjusting means for setting,
when a bit discarded 1s detected from an output of the bit
discard detection means, the amount of shift to n+4 for a
mantissa having an exponent of intermediate value and to the
sum of n+4 and a difference 1n exponents between the two
terms for a mantissa having a minimum exponent, addition
and subtraction means for carrying out addition and subtrac-
tion on the three terms with the bit width, and rounding means
for normalizing the result and carrying out rounding 1n any
one of rounding modes of RN (nearest value), RZ (zero direc-
tion), RP (+infinity direction) and RM (—-infinity direction)
modes using an (n+3)th bit from the highest digit as a new
sticky bit.

According to the present invention, 1t 1s possible to carry
out three-term 1nput tloating-point addition and subtraction
so as to obtain the same result as that when rounding 1s carried
out after an operation 1s carried out with infinite precision 1n
an operation process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a solution to a case where loss of signifi-

cant digits occurs in two out of three terms having large

absolute values (FIG. 16);

FIGS. 2A and 2B illustrate solution A when two out of
three terms produce bit discarded due to a shift;

FIG. 3 1s a block diagram showing the configuration of a
three-term 1nput floating-point adder-subtractor according to
a first embodiment of the present invention;

FIG. 4A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit in FIG. 3;

FIG. 4B 1s a truth table showing a relationship between
inputs and outputs of the selector included 1n the pre-process-
ing circuit in FIG. 3;

FIG. 5 1s a block diagram showing the circuit configuration
of an operation circuit which enables both a product-sum
operation and addition and subtraction to be carried out using
the pre-processing circuit shown in FIG. 4A;

FIG. 6 1s a block diagram showing the configuration of a
three-term 1nput floating-point adder-subtractor according to
a second embodiment of the present invention;

FIG. 7A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit in FIG. 6;

FIG. 7B shows a truth table showing a relationship between
inputs and outputs of the selector included 1n the pre-process-
ing circuit in FIG. 6;

FIG. 8 1s a block diagram showing the configuration of a
three-term input tloating-point adder-subtractor according to
a third embodiment of the present invention;

FIG. 9A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit in FIG. 8;
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FIG. 9B shows a truth table showing a relationship between
inputs and outputs of the selector included 1n the pre-process-
ing circuit in FIG. 8;

FIG. 9C 1illustrates processing of the rounding circuit
included in the pre-processing circuit in FIG. 8;

FIG. 10 1s a block diagram showing the configuration of a
three-term 1nput floating-point adder-subtractor according to
a fourth embodiment of the present invention;

FIG. 11A 1s a block diagram showing the circuit configu-
ration of the pre-processing circuit in FIG. 10;

FIG. 11B shows a truth table showing a relationship
between 1nputs and outputs of the selector included 1n the
pre-processing circuit in FIG. 10;

FIGS.12A,12B and 12C 1llustrate states of mantissas in an
operation process ol a binary operation defined by the
IEEE754 standard;

FI1G. 13 illustrates methods of rounding modes compliant
with the IEEE standard;

FI1G. 14 1llustrates how two-term input operation and three-
term 1nput operation are carried out to calculate the sum x+y
of floating-point numbers x and y with no errors according to
Knuth’s formula;

FIG. 15 illustrates an example where two out of three terms
cancel out each other, preventing a precise result from being
obtained;

FIG. 16 1llustrates an example where loss of significant
digits occurs 1n two out of three terms having large absolute
values, preventing a precise result from being obtained; and

FI1G. 17 1llustrates an example where two out of three terms
produce bit discarded due to a shift, preventing a precise
result from being obtained.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of a three-term 1nput floating-
point adder-subtractor according to the present invention will
be explained, but solutions by the present mvention will be
explained brietly first. In the explanations below, suppose a
first operand with inputs of three terms 1s a, a second operand
1s b and a third operand 1s c.

(1) Solution when Two Out of Three Terms Cancel Out Each
Other (FIG. 15)

In this case, the problem can be solved by checking cases
where cancellation occurs (a=-b, a=—c¢, b=-c) using a com-
parator before carrying out addition so that the result becomes
¢ when a=-b, the result becomes b when a=-c and the result
becomes a when b=-c.

(2) Solution when Loss of Significant Digits Occurs 1n 'Two
Out of Three Terms Having Larger Absolute Values (FI1G. 16)

FI1G. 1 illustrates a solution when loss of significant digits
occurs 1n two out of three terms having larger absolute values
(FIG. 16).

The problem 1n this case can be solved by causing the bit
width of addition and subtraction to become 2n+3 bits or
more where the bit width of the mantissa part of each term 1s
assumed to be n bits (including 1 of the most significant bit).
This will be explained considering a case where loss of sig-
nificant digits occurs most. When considering a case where
loss of significant digits occurs 1n an operation on a and b, 1t
1s when both a and b are positive, subtraction 1s carried out
from a and b, the mantissa of a=10000 . . . 0, mantissa of
b=11111...1, (exponent of a)-(exponent of b)=1 that loss of
significant digits occurs most. As shown in FIG. 1, when loss
of significant digits occurs 1n operations on a and b, the
elfective digits of the result are n bits from the least significant
bit of b. Furthermore, since 3 bits are further required for
rounding, the bit width of addition and subtraction can be set
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to 2n+3 bits or more. This allows also rounding to be carried
out using the same method as that of a binary operation.

(3) Solution when Two Out of Three Terms Produce Bit
Overtlows Due to a Shaft (FIG. 17)

There can be three solutions and they will be explained
below as solutions A, B and C.

Solution A

FIG. 2 1llustrates solution A when two out of three terms
produce bit discarded due to a shift.

Solution A 1s a solution that when the bit width of addition
and subtraction 1s 2n+4 bits and two terms produce bit dis-
carded due to a shift, the amount of shift of the mantissa
having an exponent of intermediate value 1s set to n+4 and the
amount of shift of the mantissa of a minimum exponent 1s set
to the sum of n+4 and the difference 1n exponents between the
two terms. An example of this case will be explained using
FIG. 2 assuming lal>|bl>[c|. As shown 1n FIG. 2(a), suppose
a case where b and ¢ are simply shifted by the difference 1n
exponents. In this case, the pieces of information of b and ¢
are all grouped under sticky bits and when b and ¢ have
different signs, sticky bits cancel out each other and the mag-
nitude relation between b and ¢ 1s lost. As a result, rounding
cannot be performed correctly in rounding modes of RZ (zero
direction), RP (+infinity direction) and RM (—infinity direc-
tion).

On the other hand, when two terms produce bit discarded
due to a shift, 1f the amount of shiit for the mantissa having an
exponent of intermediate value 1s set to n+4 and the amount of
shift for the mantissa having a minimum exponent 1s set to the
sum ol n+4 and difference 1n exponents between the two
terms, then as shown i FIG. 2(b), by carrying out addition
and subtraction, and then normalization, and regarding the
(n+3)th bit from the most significant bit as a new sticky bit, it
1s possible to obtain the same result as that when the operation
1s carried out with 1nfinite accuracy, normalized and the (n+3)
th bit 1s regarded as a new sticky bit and it 1s possible to carry
out rounding correctly as a consequence.

As 1n the example shown 1n FI1G. 2(b), the reason that 4 bits
are necessary for gap bits between the effective digits of a and
the effective digits of b and c 1s that there 1s a possibility that
the effective digits of a may be reduced by one digit due to
addition and subtraction to/from b and ¢ and there 1s also a
possibility that a carry of one digit may occur due to addition
and subtraction to/from b and ¢, and since there are 4 gap bits,
operation 1s carried out by keeping the state before rounding
with infinite precision whatever the input, producing the same
result as that when the third digit from the least significant bit
of the resulting bit position 1s regarded as a sticky bait.
Solution B

Solution B 1s a solution whereby a magnitude relation in
absolute values between two terms producing bit discarded
due to a shift 1s detected so that rounding can be performed
correctly. In the case of the solution when loss of significant
digits occurs in two out of three terms having large absolute
values 1f the b1t width of addition and subtraction 1s 2n+3 bits,
the information on discarded bits when the two out of three
terms produce bit overtlows due to a shift has no intfluence on
the mantissa of the intermediate result and only the informa-
tion necessary for rounding 1s lost. Therefore, a correct result
can be obtained by determining a magnitude relation (sign of
the sum of two terms) in absolute values between two terms
producing bit discarded using a comparator and carry out
rounding based thereon. This 1s solution B.

Solution C

Solution C 1s a solution whereby two terms having small
absolute values are detected betore addition, the two terms are
shifted with a bit width of 2n+3 bits, which 1s the solution
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when loss of significant digits occurs 1n two out of three
terms, addition and subtraction are carried out on the terms,
the result thereot 1s not subjected to rounding, addition to the
remaining one term 1s carried out with a bit width of 2n+3 bits
and rounding 1s performed finally.

Next, a specific circuit example of the three-term 1nput
floating-point adder-subtractor according to embodiments of
the present invention will be explained 1n detail with refer-
ence to drawings.

FIG. 3 15 a block diagram showing the configuration of a
three-term 1nput tloating-point adder-subtractor according to
a first embodiment of the present invention. The three-term
input tloating-point adder-subtractor shown 1n FIG. 3 1s con-
figured by adopting the solutions explained 1n (1) and (2)
above and 1t 1s possible to obtain the same result as that when
rounding 1s performed after carrying out an operation with
infinite precision only when the rounding mode 1s RN (near-
est value), but there may be cases where correct results cannot
be obtained when the rounding mode 1s other than RN (near-
est value).

The three-term 1nput floating-point adder-subtractor
shown in FI1G. 3 1s constructed of a pre-processing circuit 100,
carry save adder (CSA) 101, carry look-ahead adder (CLA)
102, normalization circuit 103, rounding circuit 104 and
exponent operation unit 105.

The pre-processing circuit 100 divides first to third oper-
ands mputted to a mantissa having an exponent ol maximum
value, mantissa having an exponent of intermediate value and
mantissa having an exponent of minimum magnitude, outputs
mantissas obtained by right-shifting the mantissa having the
exponent of intermediate value and mantissa having the mini-
mum exponent with a width of 2n+3 bits and adjusting digits,
outputs the mantissa having the maximum exponent and out-
puts the maximum exponent as the exponent of intermediate
value.

The carry save adder (CSA) 101 carries out an operation of
reducing the mantissa having a 2n+3 bit width from the pre-
processing circuit 100 from three terms to two terms. Further-
more, the carry look-ahead adder (CLLA) 102 carries out addi-
tion of the mantissas of the two terms, changes, when the
addition result becomes negative, the result to an expression
in absolute values. The normalization circuit 103 then makes
a left shift so that the most significant bit becomes 1. The
rounding circuit 104 uses the (n+3)th bit from the most sig-
nificant bit as a new sticky bit, takes logical OR with the lower
bits and then performs rounding 1 an RN (nearest value)
mode. The rounding algorithm may be completely the same
as that 1 the case of binary addition. The exponent operation
unit 105 updates the exponent from the results of the normal-
ization circuit 103 and rounding circuit 104 and the exponent
of intermediate value and outputs a final exponent.

FIG. 4A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit 100 and FIG. 4B shows a
truth table showing a relationship between inputs and outputs
ol the selector included 1n the pre-processing circuit 100.

The pre-processing circuit 100 performs pre-processing to
carry out addition and subtraction and 1s constructed of an
exponent calculator 10, selector 11, cancellation detector 12,
sign comparator 13, inverters 14 to 16 and shifters 17, 18 as
shown 1 FIG. 4A. The pre-processing circuit 100 recerves
data of first to third operands a to ¢ made up of a s1gn “s1gn”,
exponent “ex” and mantissa “man’ respectively as input.

The exponent calculator 10 1s provided with six operation
units to calculate the differences in exponents of the respec-
tive mputs a to ¢ and outputs the calculated exponent differ-
ences. The cancellation detector 12 1s provided with three sets
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ol a comparator and two gate circuits and detects cases where
two out of three terms can cancel out each other using these
Sets.

The selector 11 1s controlled with the information on the
differences in exponents calculated by the exponent calcula-
tor 10 and the information indicating whether or not the
cancellation detector 12 has detected cancellation 1n the
operations on two out of three terms. The selector 11 then
distributes mantissa large_man having the maximum expo-
nent, mantissa medium_man having the exponent of interme-
diate value and mantissa small_man having the exponent of
minimum magmtude from the differences 1n exponents
obtained from the exponent calculator 10 to their respective
outputs, outputs the differences (large ex-small_ex, lar-
ge ex-medium_ex) from the maximum exponents which cor-
respond to the amounts of shift to right-shift the mantissas of
two terms other than the term having the maximum exponent
and outputs the maximum exponent large-ex as the interme-
diate exponent.

Furthermore, when the cancellation detector 12 detects
that two out of three terms cancel out each other, the selector
11 causes the mantissas of the two terms which cancel out
cach other to be outputted as 0 and causes the remaining one
term to be outputted as the exponent of mtermediate value.

Furthermore, FIG. 4B shows a truth table indicating a
relationship between mnputs and outputs of the selector 11
provided with the above described function, but explanations
of this truth table will be omatted.

A sign comparator 13 compares the signs of three terms
and decides whether or not 2’s complement should be taken
for the mantissa of each term. Taking 2’s complement
requires the bits of the mantissa to be mverted and 1 to be
added thereto. The process of adding 1 normally uses a carry-
in of the least significant bit of an adder. In the case of input of
three terms, this process of adding 1 1s considered to be a
burden, but a maximum of one term that takes 2’s comple-
ment 1s enough and when two out of three terms become
negative, 1t 1s preferable to take 2°s complement for positive
terms, carry out addition processing and then finally invert the
sign of the result. Furthermore, when all the three terms are
negative, 1t 1s preferable to carry out addition processing
without taking any 2’s complements for all terms and invert
the sign of the result finally. By so doing, it 1s possible to
reduce the process of adding 1 when taking 2’s complement
to a maximum of one time. The sign comparator 13 decides
for which term 2’s complement should be taken.

Inverters 14, 15 and 16 are controlled with the information
on the decision result by the aforementioned sign comparator
13 and carry out bit inversion to take the complement of each
mantissa. Furthermore, shifters 17 and 18 right-shift the man-
tissa having the exponent of intermediate value and mantissa
having the minimum exponent by the amount of shift deter-
mined as described above. The shift 1n this case 1s performed
with a width of 2n+3 bits and the least significant bit becomes
a sticky bit, and therefore 1t 1s ORed with the discarded biat.
However, the term bit-mnverted to take 2’s complement 1s
ANDed.

FIG. 5 1s a block diagram showing the configuration of an
operation circuit which enables both product-sum operation
and addition and subtraction using the pre-processing circuit
100 shown 1n FIG. 4A.

As 1s normally well known, the three-term mput product-
sum operation unit 1s constructed of a shift circuit 301, mul-
tiplication array 302, carry save adder (CSA) 303, carry look-
ahead adder (CLA) 304, normalization circuit 305 and
rounding circuit 306. The portion which forms this product-
sum operation unit and 1s made up of the carry save adder
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(CSA) 303, carry look-ahead adder (CLA) 304, normaliza-
tion circuit 305, rounding circuit 306 has basically the same
configuration as that of the portion of the first embodiment of
the present invention explained using FIG. 3 except the pre-
processing circuit 100.

For this reason, as shown 1 FIG. 3, 1t 1s possible to con-
figure an operation circuit which enables both three-term
input product-sum operation and three-term input addition
and subtraction to be carried out by connecting the pre-pro-

cessing circuit 100 1n the first embodiment explained using
FIG. 4A before the carry save adder (CSA) 303 of the three-

term 1nput product-sum operation unit. When both product-
sum operation and addition and subtraction are necessary, this
makes 1t possible to realize a low-cost operation circuit with
the number of circuit parts making up the circuit reduced.

FIG. 6 1s a block diagram showing the configuration of a
three-term 1nput tloating-point adder-subtractor according to
a second embodiment of the present mvention. The three-
term 1nput floating-point adder-subtractor shown 1n FIG. 6
adopts the solutions explained (1) and (2) above, adopts solu-
tion A as the solution when two out of three terms produce bit
discarded due to a shift and thereby enables all the problems
to be solved. This second embodiment of the present inven-
tion makes it possible to obtain the same result as that when
operations are carried out on all the four rounding modes 1n an
operation process with infinite precision and then subjected to
rounding.

The three-term input foating-point adder-subtractor
shown in FI1G. 6 1s constructed of a pre-processing circuit 150,
carry save adder (CSA) 151, carry look-ahead adder (CLA)
152, normalization circuit 133, rounding circuit 154 and
exponent operation unit 155. The configuration and functions
of the portion of this three-term input floating-point adder-
subtractor except the pre-processing circuit 150 are the same
as those 1n the case of the first embodiment explained using
FIG. 3 except 1n that the operation bit width 1s set to 2n+4.

That 1s, the pre-processing circuit 150 divides the mantis-
sas of the mputted first to third operands 1nto a mantissa
having an exponent of maximum value, mantissa having an
exponent of intermediate value and mantissa having a mini-
mum exponent, outputs a mantissa obtained by right-shifting
the mantissa having the exponent of intermediate value and
the mantissa having the minimum exponent with a width of
2n+4 bits and adjusting digits and the mantissa having the
maximum exponent, and also outputs the maximum exponent
as the imtermediate exponent.

The carry save adder (CSA) 151 carries out an operation of
reducing the mantissa from the pre-processing circuit 1350
with a width of 2n+4 bits from three terms to two terms.
Furthermore, the carry look-ahead adder (CLA) 152 carries
out addition on the mantissas of two terms and changes, when
the addition result becomes negative, the result to an expres-
sion 1n absolute values. The normalization circuit 153 then
carries out a lett shift so that the most significant bit becomes
1. Next, the rounding circuit 154 uses the (n+3 )th bit from the
most significant bit as a new sticky bit, takes logical OR with
the lower bits and then performs rounding in any one of
rounding modes of RN (nearest value), RZ (zero direction),
RP (+infinity direction) and RM (-1infinity direction) modes.
The rounding algorithm may be completely the same as that
in the case of binary addition. The exponent operation unit
155 updates the results of the normalization circuit 153 and
rounding circuit 154 and the exponent from the intermediate
exponent, and outputs a final exponent.

FIG. 7A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit 150 and FIG. 7B shows a
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truth table indicating a relationship between mputs and out-
puts of the selector included in the pre-processing circuit 150.

The pre-processing circuit 150 1s intended to perform pre-
processing for carrying out addition and subtraction and 1s
constructed of, as shown in FIG. 7A, an exponent calculator
200, selector 201, cancellation detector 203, sign comparator
213, 1inverters 212, 209, 205, shifters 211, 206, adder 204,
comparator 208 and selectors 210, 207. The pre-processing
circuit 150 recerves data of first to third operands a to ¢ made
up ol sign “s1gn”’, exponent “ex”” and mantissa “man” respec-
tively as input.

The exponent calculator 200 1s provided with six operation
units to calculate the differences 1n exponents of mputs a to ¢
and outputs the calculated exponent differences. The cancel-
lation detector 203 1s provided with three sets of a comparator
and two gate circuits and detects cases where two out of three
terms cancel out each other using these sets. The configura-
tion and functions of these exponent calculator 200 and can-
cellation detector 203 are the same as those of the exponent
calculator 10 and cancellation detector 12 shown 1n FIG. 4A.

The selector 201 1s controlled with the information on the
differences in exponents calculated by the exponent calcula-
tor 200 and the mmformation indicating whether or not the
cancellation detector 203 has detected cancellation 1n the
operations on two out of three terms. The selector 201 then
distributes mantissa large_man having the exponent of maxi-
mum value, mantissa medium_man having the exponent of
intermediate value and mantissa small_man having the expo-
nent of minimum magnitude from the differences 1n expo-
nents obtained from the exponent calculator 200 to their
respective outputs, outputs the differences 1n exponents (lar-
ge ex-small_ex, large ex-medium_ex) which correspond to
the amounts of shift to right-shift the mantissas of two terms
other than the term having the maximum exponent and out-
puts the maximum exponent large-ex as the intermediate
exponent.

Furthermore, when the cancellation detector 203 detects
that two out of three terms cancel out each other, the selector
201 causes the mantissas of the two terms which cancel out
cach other to be outputted as 0 and causes the remaining one
term to be outputted as the intermediate exponent.

FIG. 7B shows a truth table indicating a relationship

between 1inputs and outputs of the selector 201 provided with
the above described function, but explanations of this truth
table will be omaitted.
The s1gn comparator 213 compares the signs of three terms
and decides whether or not 2’s complement should be taken
for the mantissa of each term. Taking 2’s complement
requires the bits of the mantissa to be mverted and 1 to be
added thereto. The process of adding 1 normally uses a carry-
in of the least significant bit of an adder. In the case of input of
three terms, this process of adding 1 1s considered to be a
burden, but a maximum of one term that takes 2’s comple-
ment 1s enough and when two out of three terms become
negative, 1t 1s preferable to take 2°s complement for positive
terms, carry out addition processing and then finally invert the
sign of the result. Furthermore, when all the three terms are
negative, 1t 1s preferable to carry out addition processing
without taking 2’s complements for all the terms and invert
the sign of the result finally. By so doing, 1t 1s possible to
reduce the process of adding 1 when taking 2’°s complement
to a maximum of one time. The s1gn comparator 213 decides
for which term 2’s complement should be taken.

Inverters 205, 209 and 212 are controlled with the infor-
mation on the decision result by the atorementioned sign
comparator 213 and carry out bit inversion to take the comple-
ment of each mantissa. The comparator 208 detects that the
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difference between the maximum exponent and the exponent
of intermediate value 1s n+5 or more. Here, supposen 1s the bit
width of the mantissa. When a condition that the aforemen-
tioned difference 1s n+5 or more 1s established, two out of
three terms produce bit discarded due to a shuft. The selector
210 determines the amount of shift of the mantissa having the
exponent of intermediate value. That 1s, when two out of three
terms produce bit discarded due to a shiit, the selector 210
outputs n+4 and outputs the difference from the maximum
exponent otherwise. This output becomes the amount of shiit
of the mantissa having the exponent of intermediate value.

The adder 204 adds up the difference between the interme-
diate exponent and mimimum exponent, and n+4. This addi-
tion result becomes the amount of shift of the mantissa having,
the minimum exponent when two out of three terms produce
bit discarded due to a shift. The selector 207 determines the
amount of shift of the mantissa having the minimum expo-
nent. That 1s, when two out of three terms produce bit dis-
carded due to a shiit, the selector 207 selects the output of the
aforementioned adder 204 and selects the difference between
the maximum exponent and minimum exponent otherwise.
The shifters 206 and 211 right-shiit the mantissa having the
exponent of intermediate value and the mantissa having the
mimmum exponent by the aforementioned determined
amount of shift. The shift 1n this case 1s performed with a
width of 2n+4 bits and the least significant bit becomes a
sticky bit, and therefore 1t 1s ORed with the discarded bit.
However, the term bit-inverted to take 2’s complement 1s
ANDed.

FIG. 8 1s a block diagram showing the configuration of a
three-term 1nput tloating-point adder-subtractor according to
a third embodiment of the present invention. The three-term
input floating-point adder-subtractor shown in FIG. 8 adopts
the solutions explaimned 1 (1) and (2) above, also adopts
solution B as the solution when two out of three terms pro-
duce bit discarded due to a shift so as to be able to solve all the
problems. According to this third embodiment of the present
invention, it 1s possible to obtain the same result as that when
an operation 1s carried out 1n all the four rounding modes with
infinite precision in an operation process and rounding 1s then
performed.

The three-term input foating-point adder-subtractor
shown in FI1G. 8 1s constructed of a pre-processing circuit 500,
carry save adder (CSA) 501, carry look-ahead adder (CLA)
502, normalization circuit 503, rounding circuit 504, expo-
nent operation unit 505 and selector 506.

The pre-processing circuit 500 divides mputted first to
third operands to a mantissa having an exponent of maximum
value, mantissa having an exponent of intermediate value and
mantissa having an exponent of minimum magnitude, outputs
mantissas obtained by right-shifting the mantissa having the
exponent of intermediate value and mantissa having the mini-
mum exponent with a width of 2n+3 bits and adjusting digits,
outputs the mantissa having the maximum exponent and out-
puts the maximum exponent as the exponent of intermediate
value. Furthermore, the pre-processing circuit 500 outputs a
signal indicating that the difference between the maximum
exponent and mtermediate exponent 1s n+4 or more and a
signal indicating the result of rounding carried out 1side the
pre-processing circuit 500 and gives them to the selector 506.

The carry save adder (CSA) 501 carries out an operation of
reducing the mantissa having a 2n+3 bit width from the pre-
processing circuit 100 from three terms to two terms. Further-
more, the carry look-ahead adder (CLA) 502 carries out addi-
tion of the mantissa with two terms, changes, when the
addition result becomes negative, the result to an expression
in absolute values. The normalization circuit 503 then left-
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shifts 1t so that the most significant bit becomes 1. The round-
ing circuit 504 uses the (n+3)th bit from the most significant
bit as a new sticky bit, takes logical OR with the lower bits and
then performs rounding 1n any one of rounding modes of RN
(nearest value), RZ (zero direction), RP (+infinite direction)
and RM (—1nfinite direction) modes. The rounding algorithm
may be completely the same as that in the case of binary
addition. The exponent operation unit 505 updates the expo-
nent from the results of the normalization circuit 503 and
rounding circuit 304 and the intermediate exponent and out-
puts a final exponent. Furthermore, the selector 506 selects
the mantissa result when two out of three terms produce bit
discarded due to a shift and the mantissa result otherwise and
outputs the final result.

FIG. 9A 1s a block diagram showing the circuit configura-
tion of the pre-processing circuit 500 and FIG. 9B shows a
truth table showing a relationship between mputs and outputs
of the selector included 1n the pre-processing circuit 500.

The pre-processing circuit 500 performs pre-processing to
carry out addition and subtraction and is constructed of an
exponent calculator 600, selector 601, cancellation detector
603, sign comparator 610, inverters 605, 606, 608, shifters
607, 609, comparators 611, 612, rounding circuit 613 and
sign determining circuit 614 as shown 1n FIG. 9A. The pre-
processing circuit 300 recerves data of first to third operands
a to ¢ made up of a sign “sign”, exponent “ex” and mantissa
“man’ respectively as iput.

The exponent calculator 600 1s provided with s1x operation
units to calculate the differences 1n exponents of mputs a to ¢
and outputs the calculated exponent differences. The cancel-
lation detector 603 1s provided with three sets of a comparator
and two gate circuits and detects cases where two out of three
terms can cancel out each other using these sets. The configu-
ration and functions of these exponent calculator 600 and
cancellation detector 603 are the same as those of the expo-
nent calculator 10, cancellation detector 12 shown 1n FIG.
4A.

The selector 601 1s controlled with the information on the
differences in exponents calculated by the exponent calcula-
tor 600 and the information indicating whether or not the
cancellation detector 603 has detected cancellation 1n the
operations on two out of three terms. The selector 601 then
distributes mantissa large_man having the exponent of maxi-
mum value, mantissa medium_man having the exponent of
intermediate value and mantissa small_man having the expo-
nent of minimum magnitude from the differences 1n expo-
nents obtained from the exponent calculator 600 to their
respective outputs, outputs the differences (large ex-
small_ex, large_ex-medium_ex) from the maximum expo-
nents which correspond to the amounts of shift to right-shift
the mantissas of two terms other than the term having the
maximum exponent and outputs the maximum exponent
large-ex as the intermediate exponent.

Furthermore, when the cancellation detector 603 detects
that two out of three terms cancel out each other, the selector
601 causes the mantissas of the two terms which cancel out
cach other to be outputted as 0 and causes the remaining one
term to be outputted as the intermediate exponent.

FIG. 9B shows a truth table indicating a relationship
between 1nputs and outputs of the selector 601 provided with
the above described function, but explanations of this truth
table will be omuitted.

The s1gn comparator 610 compares the signs of three terms
and decides whether or not 2’s complement should be taken
for the mantissa of each term. Taking 2’s complement
requires the bits of the mantissa to be mverted and 1 to be
added thereto. The process of adding 1 normally uses a carry-
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in of the least significant bit of an adder. In the case of input of
three terms, this process ol adding 1 1s considered to be a
burden, but a maximum of one term that takes 2’s comple-
ment 1s enough and when two out of three terms become
negative, 1t 1s preferable to take 2°s complement for positive
terms, carry out addition processing and then finally invert the
sign of the result. Furthermore, when all the three terms are
negative, 1t 1s preferable to carry out addition processing
without taking any 2’s complement for all terms and then
invert the sign of the result. By so doing, 1t 1s possible to
reduce the process of adding 1 when taking 2’s complement
to a maximum of one time. The sign comparator 610 decides
for which term 2’s complement should be taken.

The 1nverters 605, 606, 608 are controlled with the infor-
mation on the decision result by the aforementioned sign
comparator 610 and carry out bit inversion to take the comple-
ment of each mantissa. The comparator 604 detects that the
difference between the maximum exponent and the imnterme-
diate exponent 1s n+4 or more. Here, supposen 1s the bit width
of the mantissa. When a condition that the aforementioned
exponent difference 1s n+4 or more 1s established, two out of
three terms produce bit discarded due to a shift. When a
condition that the aforementioned exponent difference 1s n+4
or more 1s established, the comparators 611, 612 decide a
magnitude relation between the two terms which produce bit
discarded due to a shift. The sign determining circuit 614
determines the sign of the sum of the two terms based on the
decision results of the comparators 611, 612. The rounding
circuit 613 performs rounding based on the sign of the deter-
mined sum of the two terms. The rounding method 1n this case
1s shown 1n FIG. 9C. The detection result of the aforemen-
tioned comparator 604 and the output of the rounding circuit
603 arc given to the selector 506 and one of the output of the
rounding circuit 603 and the output of the rounding circuit
504 1s outputted from the selector 506 as the final result.

The shifters 607, 609 right-shift the mantissa having the
exponent of intermediate value and mantissa having the mini-
mum exponent by the amount of shift determined as
described above. The shift in this case 1s performed with a
width of 2n+3 bits and the least significant bit becomes a
sticky bit, and therefore 1t 1s ORed with the discarded bit.
However, the term bit-inverted to take 2’s complement 1s
ANDed.

FIG. 10 1s a block diagram showing the configuration of a
three-term 1nput tloating-point adder-subtractor according to
a fourth embodiment of the present invention. The three-term
input floating-point adder-subtractor shown 1n FIG. 10 adopts
the solutions explained (1) and (2) above, adopts solution C as
the solution when two out of three terms produce bit dis-
carded due to a shift and thereby enables all the problems to
be solved. This fourth embodiment of the present invention
makes 1t possible to obtain the same result as that when
operations are carried out on all the four rounding modes 1n an
operation process with infinite precision and then subjected to
rounding.

The three-term input foating-point adder-subtractor
shown 1n FIG. 10 1s constructed of a pre-processing circuit
800, digit adjustment circuit 801, carry look-ahead adder
(CLA) 802, normalization circuit 803, digit adjustment cir-
cuit 804, carry look-ahead adder (CLA) 805, normalization
circuit 806, rounding circuit 807 and exponent operation units
808 to 809.

The pre-processing circuit 300 divides the mantissas of the
inputted first to third operands into a mantissa having an
exponent of maximum value, mantissa having an exponent of
intermediate value and mantissa having an exponent of mini-
mum magnitude, and outputs the maximum exponent, inter-
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mediate exponent and difference between the intermediate
exponent and the minimum exponent.

The digit adjustment circuit 801 makes a digit adjustment
to carry out addition between the mantissa having the expo-
nent of intermediate value and mantissa having the minimum
exponent. The mantissa having the minimum exponent 1s
right-shifted by the aforementioned exponent difference
between the two terms. The shiit in this case 1s made with a
width of 2n+3 bits and the least significant bit becomes a
sticky bit, and therefore 1t 1s ORed with the discarded bit.
However, the term bit-inverted to take 2°s complement is
ANDed.

The carry look-ahead adder (CLLA) 802 adds up mantissas
of two terms and the normalization circuit 803 makes a left
shift so that the most significant bit becomes 1. In this case,
the exponent operation unit 808 updates the intermediate
exponent. Rounding 1s not performed 1n this stage. The expo-
nent operation unit 809 calculates the difference between the
intermediate exponent and the maximum exponent updated
above. The digit adjustment circuit 804 makes a digit adjust-
ment to add up the atorementioned addition result and the
mantissa having the maximum exponent. The mantissa hav-
ing the smaller exponent i1s right-shifted by the aforemen-
tioned exponent difference. In this case, the shift 1s made with

a width of 2n+3 bits and the least significant bit becomes a
sticky bit, and therefore 1t 1s ORed with the discarded bit. The

carry look-ahead adder (CLA) 8035 adds up the mantissas of
the two terms. The normalization circuit 806 makes a left shift
so that the most significant bit becomes 1. The rounding
circuit 807 uses the (n+3)th bit from the most significant bit as
a new sticky bit and takes logical OR with the lower bits. The
rounding circuit 807 then performs rounding 1in any one of
rounding modes such as RN (nearest value), RZ (zero direc-
tion), RP (+infinity direction) and RM (-infinity direction)
modes and outputs the final mantissa. The rounding algorithm
in this case may be completely the same as that 1n the case of
binary addition. The exponent operation unit 810 updates the
exponents from the results of the normalization circuit 806
and rounding circuit 807 and outputs the final exponent.

FIG. 11A 1s a block diagram showing the circuit configu-
ration of the pre-processing circuit 800 and FIG. 11B shows
a truth table showing a relationship between mputs and out-
puts of the selector included in the pre-processing circuit 800.

The pre-processing circuit 800 performs pre-processing to
carry out addition and subtraction and is constructed of an
exponent calculator 900, selector 901, cancellation detector
903, sign comparator 910 and nverters 9035, 906, 908 as
shown 1n FIG. 11A. The pre-processing circuit 800 recerves
data of first to third operands a to ¢ made up of a sign “sign”,
exponent “ex” and mantissa “man’ respectively as input.

The exponent calculator 900 is provided with six operation
units to calculate the differences 1 exponents of mputs a to ¢
and outputs the calculated exponent differences. The cancel-
lation detector 903 1s provided with three sets of a comparator
and two gate circuits and detects cases where two out of three
terms can cancel out each other using these sets. The configu-
ration and functions of these exponent calculator 900 and
cancellation detector 903 are the same as those of the expo-
nent calculator 10 and cancellation detector 12 shown 1n FIG.
4A.

The selector 901 1s controlled with the information on the
differences in exponents calculated by the exponent calcula-
tor 900 and the imnformation indicating whether or not the
cancellation detector 603 has detected cancellation 1n the
operations on two out of three terms. The selector 901 of
maximum value, mantissa medium_man having the exponent
of mtermediate value and mantissa small_man having the
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exponent of mimimum magnitude from the differences in
exponents obtained from the exponent calculator 900 to their
respective outputs, outputs the maximum exponent, interme-
diate exponent and the differences between the intermediate
exponent and the minimum exponent (large_ex-small_ex,
large ex-medium_ex). Furthermore, when the cancellation
detection circuit 903 detects that two out of three terms cancel
out each other, the selector 901 outputs the mantissas of the
two terms causing cancellation as 0 and outputs the exponent
of the remaining one term as the intermediate exponent.

FIG. 11B shows a truth table indicating a relationship
between 1inputs and outputs of the selector 901 provided with
the above described function, but explanations of this truth
table will be omatted.

The sign comparator 910 compares the signs of three terms
and decides whether or not 2°s complement should be taken
for the mantissa of each term. Taking 2’s complement
requires the bits of the mantissa to be inverted and 1 to be
added thereto. The process of adding 1 normally uses a carry-
in of the least significant bit of an adder. In the case of input of
three terms, this process of adding 1 1s considered to be a
burden, but a maximum of one term that takes 2’s comple-
ment 1s enough and when two out of three terms become
negative, 1t 1s preferable to take 2°s complement for positive
terms, carry out addition processing and then finally invert the
sign of the result. Furthermore, when all the three terms are
negative, 1t 1s preferable to carry out addition processing
without taking any 2°s complement for all the terms and then
invert the sign of the result finally. By so doing, 1t 1s possible
to reduce the process of adding 1 when taking 2’s comple-
ment to a maximum of one time. The sign comparator 910
decides for which term 2’s complement should be taken. The
iverter 905, 906, 908 are controlled with the information on
the decision result by the aforementioned sign comparator
910 and carry out bit inversion to take the complement of each
mantissa.

The present invention can be incorporated 1n a micropro-
cessor requiring floating-point operation and used for opera-
tions making heavy use of addition processing such as that
described above and multiple-precision operations.

It should be further understood by those skilled 1n the art
that although the foregoing description has been made on
embodiments of the invention, the invention 1s not limited
thereto and various changes and modifications may be made
without departing from the spirit of the mvention and the
scope of the appended claims.

[l

The invention claimed 1s:
1. A three-term 1nput floating-point adder-subtractor com-
prising:
cancellation detection means, including comparators and
gate circuits, for detecting that two out of the three terms
cancel out each other 1n an operation;
a selector for selectively outputting the three terms,
wherein the two out of the three terms are output as zero
when the cancellation detection means detects that the
two terms cancel out each other:;
shifters for making a digit adjusting shift with a width of
2n+3 bits on a mantissa of a first term having an expo-
nent of intermediate value and a mantissa of a second
term having minimum exponent in the three terms,
where n 1s a bit width of a mantissa of each term, and, for
cach shifted mantissa, updating a respective least sig-
nificant bit as a sticky bit with a corresponding logical
combination of bits that overflowed the 2n+3 bit width
by the respective digit adjusting shift,
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an adder-subtractor for carrying out addition and subtrac-
tion on the three terms output by the selector having the
2n+3 bit width and outputting a result;

a normalizer for normalizing the result; and

a rounding circuit for carrying out rounding in a nearest
value (RN) mode using an (n+3)th bit from a most sig-
nificant bit of the result as a new sticky bit.

2. A three-term input tloating-point adder-subtractor com-

prising:

cancellation detection means, including comparators and
gate circuits, for detecting that two out of the three terms
cancel out each other 1n an operation;

a selector for selectively outputting the three terms,
wherein the two out of the three terms are output as zero
when the cancellation detection means detects that the
two terms cancel out each other;

shifters for making a digit adjusting shift with a width of
2n+4 bits on a mantissa of a first term having an expo-
nent of intermediate value and a mantissa of a second
term having minimum exponent in the three terms,
where n 1s a bit width of a mantissa of each term, and, for
cach shifted mantissa, updating a respective least sig-
nificant bit as a sticky bit with a corresponding logical
combination of bits that overflowed the 2n+4 bit width
by the respective digit adjusting shiit;

bit discard detection means for detecting a case where two
out of three terms produce bit discarded due to a shiit
resulting from the digit adjusting shiit;

digit adjusting means for setting, when a bit discarded 1s
detected from an output of the bit discard detection
means, the amount of shift to n+4 for the mantissa hav-
ing an exponent ol intermediate value and to the sum of
n+4 and a difference 1n exponents between the two terms
for the mantissa having a minimum exponent;

an adder-subtractor for carrying out addition and subtrac-
tion on the three terms output by the selector having the
2n+4 bit width and outputting a result;

a normalizer for normalizing the result; and

a rounding circuit for normalizing the result and carrying
out rounding in any one of rounding modes of nearest
value (RN), zero direction (RZ), +infinity direction
(RP), and —1nfinity direction (RM) modes using an (n+3)
th bit from a most significant bit of the result as a new
sticky bit.

3. A three-term input tloating-point adder-subtractor com-

prising:

cancellation detection means, including comparators and
gate circuits, for detecting that two out of the three terms
cancel out each other 1n an operation;

a selector for selectively outputting the three terms,
wherein the two out of the three terms are output as zero
when the cancellation detection means detects that the
two terms cancel out each other:

shifters for making a digit adjusting shiit with a width of
2n+3 bits on a mantissa of a first term having an expo-
nent of intermediate value and a mantissa of a second
term having minimum exponent in the three terms,
where n 1s a bit width of a mantissa of each term, and, for
cach shifted mantissa, updating a respective least sig-
nificant bit as a sticky bit with a corresponding logical
combination of bits that overflowed the 2n+3 bit width
by the respective digit adjusting shiit;

an adder-subtractor for carrying out addition and subtrac-
tion on the three terms output by the selector having the
2n+3 bit width and outputting a result;

a first rounding circuit for normalizing the result and car-
rying out rounding in any one of rounding modes of
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nearest value (RN), zero direction (RZ), +1infinity direc-
tion (RP), and —infinity direction (RM) modes using an
(n+3)th bit from the most significant bit of the result as a
new sticky bit;

bit discard detection means including comparators which
detects a case where two out of three terms produce bit
are discarded due to a the digit adjusting shiit;

magnitude relation detection means including comparators
which detect, when a bit discarded 1s detected from the
output of the bit discard detection means, a magnitude
relation between absolute values of the two terms;

a sign determining circuit for determining a sign of the sum
of the two terms;

a second rounding circuit for performing rounding 1n any
one of rounding modes of nearest value (RN), zero
direction (RZ), +infinity direction (RP), and —infinity
direction (RM) modes; and

a selector for selecting a result from the first and second
rounding circuits.

4. A three-term 1nput tloating-point adder-subtractor com-

prising:

cancellation detection means, including comparators and
gate circuits, for detecting that two out of the three terms
cancel out each other 1n an operation;
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a selector for selectively outputting the three terms,

wherein the two out of the three terms are output as zero
when the cancellation detection means detects that the
two terms cancel out each other:;

an operator for carrying out digit adjustment, addition and

subtraction, and normalization, with a width of 2n+3 bits
on mantissas of two out of the three terms having expo-
nents smaller than the maximum exponent of the three
terms, and outputting an intermediate result, where n 1s
a bit width of a mantissa of each term, and carrying out
digit adjustment and addition and subtraction with a
width of 2n+3 bits on the intermediate result and the
mantissa of the remaining one term without performing
any rounding and outputting a result;

a normalizer for normalizing the result; and
a rounding circuit for normalizing the result and perform-

ing rounding 1n any one of rounding modes of nearest
value (RN), zero direction (RZ), +infimty direction
(RP), and —1infinity direction (RM) modes using an (n+3)
th bit from a most sigmificant bit of the result as a new

sticky bit.
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